Fractionation of extracts of disintegrated Toxoplasma gondii resulted in preparations which, when tested in cell cultures, enhanced penetration of host cells by this parasite. The influence of the preparations on the virulence of the RH strain and on two naturally avirulent strains for mice was studied simultaneously with the in vitro studies. It was demonstrated that the preparations increased the virulence of Toxoplasma. Mice inoculated with the preparation plus Toxoplasma suffered earlier morbidity and had a greater mortality rate than the control animals. There was a direct correlation between the effect of the preparations on the cell-penetrating capacity of the parasites and the increase in virulence for mice, indicating that the same mechanism is operative in both the in vivo and in vitro systems observed.
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A factor which is extractable from Toxoplasma gondii has been demonstrated to enhance the penetration of this organism into mammalian cells cultured in vitro (6, 7) . The enhancing factor has the characteristics of an enzyme and modifies the host cell wall. By this action, the host cells become more easily penetrable by the parasites. This study reports the effect of the enhancing factor on the virulence of T. gondii for mice.
MATERL4L AND METHODS
Toxoplasma strains. The three strains of T. gondli employed were RH, C5, and C56. The two avirulent strains, C5 and C56, were originally isolated from ovaries of hens by Leon Jacobs of the National Institutes of Health, Bethesda, Md. When inoculated in small numbers, these strains were not lethal to normal mice, but large numbers of cysts were found in their brains. This phenomenon is in marked contrast to the more virulent RH strain, which killed mice in inocula calculated to contain only a few organisms.
Preparations of penetration-enhancing factor. A parasite suspension was prepared from peritoneal exudate of 1,000 mice infected with the RH strain of T. gondii according to a method described previously (7) . The suspension of parasites, which contained approximately 20 million parasites per ml, was frozen and thawed three times, sonically treated in a Raytheon 200-w, 10-kc oscillator for 15 min, and centrifuged at 20,000 X g for 45 min. The supernatant fluid was incubated at 37 C for 1 hr and then centrifuged at 80,000 X g for 45 min. The resulting supernatant liquid was dialyzed against distilled water and was lyophilized.
Six batches of lyophilized material were used, each weighing approximately 60 mg. The batches were dissolved in Hanks' balanced salt solution (BSS), adjusted to a pH of 7.6. Sufficient BSS was used to effect a protein concentration of 250 ,ug/ml. The protein determinations were performed according to the method of Lowry (3) . The dissolved batches served as sources of the penetration-enhancing factor studied in these experiments.
Assays of penetration-enhancing activity. A cell culture technique described previously was used (5) . A set of three cultures of HeLa cells was inoculated with a mixture of the material to be tested and with a suspension of toxoplasma parasites, incubated at 37 C for 19 hr. The results of reading of the cultures were expressed in terms of relative number of infective units (RNIU), i.e., 100 times the number of parasites found to have penetrated divided by the number of exposed cells. The penetration-promoting activity (PPA) was demonstrable as the increase in per cent of the RNIU values between test and a control in which the inoculum was Hanks' BSS mixed with the parasite suspension. The statistical significance of this method has been studied previously (6) .
Assay of infectivity. The influence of the penetration-enhancing factor on the virulence of Toxoplasma for mice was tested by two methods. When the RH strain which is highly virulent for mice was studied, twofold dilutions of a parasite suspension containing from 10,000 to 20,000 parasites per milliliter were each mixed with a constant amount of the factor. An amount of 0.4 ml of each mixture of parasites and factor was inoculated intraperitoneally into a group of six 5-week-old female Swiss albino mice. The mice were observed daily, and the number of diseased mice (i.e., animals with rough fur, drowsiness, and lethargy) and dead mice was recorded. Morbidity (MDro) 
RESULTS
The influence of penetration-enhancing factor on the virulence of the RH strain of Toxoplasma for mice is exemplified by the results of an experiment shown in Fig. 1 . In the presence of penetration-enhancing factor, the mice became ill and died earlier; the final titers were markedly higher than those of the controls which received Hanks' BSS instead of the penetration-enhancing factor. Table 1 summarizes the results of seven experiments. The virulence of the RH strain in the presence and absence of penetration-enhancing factor solution was investigated as described in the previous experiment. The number of parasites corresponding to one LDO was calculated according to titers recorded on day 9 after inoculation.
Less than one-half the number of parasites was necessary to produce one LD50 if the penetrationenhancing factor solution was included in the inoculum ( Table 1) . The difference was statistically significant (P > 0.05). Fig. 3 ). The mice that received penetration-enhancing factor showed greater mortality, and the number of mice that died early was greater for this group than in the controls which had received the Toxoplasma-Hanks' control. and the per cent increase in LD50 titers, 0, plotted against the relative amount of penetration-enhancing factor used as addtive to the parasite inocula (15,000 RH Toxoplasma per milliliter).
DISCUSSION
Toxoplasma requires an intracellular habitat for reproduction and must, therefore, penetrate the cells of the host. To achieve this, it is dependent upon its active motility and on its production of specific enzyme(s). By means of an enzymatic activity, the organism seems able to modify the host cell wall in such a way that the altered cell wall permits passage of the parasite following its attachment to the cell. Neither is the nature of the enzyme(s) involved in this cellular penetration known nor is the structure of the parasite to which this enzymatic activity is bound. 
